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Abstract The aim of this study was to evaluate the di-
agnostic criteria and to identify the radiological signs
(derived from known radiological signs) for the detection
of aortic dissections using postmortem computed tomog-
raphy (PMCT). Thirty-three aortic dissection cases were
retrospectively evaluated; all underwent PMCT and au-
topsy. The images were initially evaluated independently
by two readers and were subsequently evaluated in con-
sensus. Known radiological signs, such as dislocated cal-
cification and an intimomedial flap, were identified. The
prevalence of the double sedimentation level in the true
and false lumen of the dissected aorta was assessed and
defined as a postmortem characteristic sign of aortic dis-
section. Dislocated calcification was detected in 85 % of
the cases with aortic calcification; whereas in 54 % of the
non-calcified aortas, the intimomedial flap could also be
recognized. Double sedimentation was identified in 16/33
of the cases. Overall, in 76 % (25/33) of the study cases,
the described signs, which are indicative for aortic dis-
section, could be identified. In this study, three diagnostic
criteria of aortic dissection were identified using non-en-
hanced PMCT images of autopsy-confirmed dissection
cases.
Keywords Aortic dissection  Postmortem computed
tomography  Postmortem imaging  Forensic radiology 
Virtopsy
Introduction
Aortic dissection is considered to be an acute aortic syn-
drome [1] and is the most common acute emergency con-
dition of the aorta [2]. The outcome of this condition is
determined by the type and extent of the dissection and the
subsequent complications, such as aortic rupture [2].
Determining the location and extent of an aortic dissection is
essential for its classification and treatment. Themost widely
used system is the Stanford classification in type A (in-
volving the ascending aorta) and typeB (dissection limited to
the aorta distal to the left subclavian artery) dissections [3].
The former presents a surgical emergency, whereas the lat-
ter, if uncomplicated, can be treated medically [4–7].
An intimal tear is considered to be causal for classical
aortic dissections [8, 9]. An aortic dissection is typically
characterized by an intimomedial flap, which leads to the
formation of a double (true and false) lumen in the aorta
[8]. Further types of aortic dissections (triple lumen aortic
dissection with the Mercedes-Benz sign or double barreled
aorta with circumferential intimomedial flap [10]) are also
being described. Degeneration of the medial layer of the
aortic wall, inheritable disorders of the elastic layer and
hypertension, are possible etiologies [9]. Furthermore,
pregnancy [8], previous aortic surgery, age, aortic coarc-
tation [11, 12], inflammatory diseases, cocain abuse, trau-
ma, and a bicuspid aortic valve [11] are also considered
risk factors. Atherosclerosis and calcification of the aorta
typically affects both the intima and media layers of the
aortic wall [13]. Subsequently, dissection of the aorta and
G. Ampanozi (&)  P. M. Flach  J. Fornaro 
S. G. Ross  W. Schweitzer  M. J. Thali  T. D. Ruder
Department of Forensic Medicine and Imaging, Institute of
Forensic Medicine, University of Zurich, Winterthurerstrasse




Institute of Diagnostic, Interventional and Pediatric Radiology,
Inselspital, University Hospital Bern, Freiburgstrasse 4,
3010 Bern, Switzerland
123
Forensic Sci Med Pathol (2015) 11:162–167
DOI 10.1007/s12024-015-9654-z
elevation of the intimomedial layer will cause the ra-
diologically described sign of displaced intimal calcifica-
tion observed in clinical practice [1, 5, 6, 10, 14–16].
Rupture of the aortic dissection may lead to hemothorax,
hemopericardium, abdominal or retroperitoneal hemor-
rhage [14] and subsequent death due to fatal bleeding or
pericardial tamponade. Another cause of death in type A
aortic dissections is myocardial ischemia due to the in-
volvement of the coronary artery origins in the dissection
[17]. Sato et al. [18] described the rare incidence of a
prolapsing intimal flap through the aortic valve with my-
ocardial ischemia and aortic regurgitation as a possible
fatal condition. Aortic insufficiency due to aortic dissection
can also cause death [10].
Postmortem imaging, particularly postmortem computed
tomography (PMCT), is used in forensic institutes across the
world, either as a triage procedure, complementary to an
autopsy or even, in some cases, as a substitution for autopsy
[19, 20]. PMCT has been proven to be excellent for detecting
foreign bodies, osseous fractures, and gas collections [21],
but it lacks specificity if soft tissue lesions, including vas-
cular pathologies, are suspected [22]. Normal postmortem
findings should be taken into account to correctly interpret
PMCT images. These are well described in the literature, and
many are relevant to the vascular system (hyperattenuating
aortic wall [23], sedimentation of blood [24, 25]). The di-
agnostic signs of aortic dissections on non-contrasted PMCT
images have never been examined systematically. They are
either described sporadically as case reports or in articles
involving PMCT angiography (PMCTA) [22, 26–28]. Cur-
rently, only certain forensic centers are able to perform
PMCTA; therefore, unenhanced PMCT is most widely used
and interpreted in postmortem radiology.
The aim of this study was to systematically describe the
findings of aortic dissections using unenhanced PMCT.
Materials and methods
The database from the Institute of Zurich was evaluated for
a study period of 51 months. During this time frame, 2123
autopsy cases were investigated. Thirty-three cases of non-
traumatic aortic dissection, both with and without subse-
quent aortic rupture, were retrospectively identified. The
study population included 19 males and 14 females. The
mean age at the time of death was 61.4 years (standard
deviation, 13.9 years; median, 64 years). All of the in-
cluded cases underwent unenhanced PMCT examination
and a subsequent autopsy, which was performed by two
forensic pathologists, at least one of which was board
certified. All of the postmortem examinations, including
the imaging, were commissioned by the responsible local
justice authorities.
Imaging parameters
The postmortem whole body imaging was carried out in the
supine position. Imaging was performed on a dual-source
CT scanner (SOMATOM Definition Flash, Siemens
Medical Solutions, Forchheim, Germany). Imaging pa-
rameters were set at the values recommended in the recent
literature [29]: tube voltage was 120kVp, slice collimation
was 128 9 0.6 mm. All scans consisted of a whole body
PMCT scan plus a dedicated head and neck scan, as well as
a dedicated chest and abdomen scan. All of the scans
(whole body, head and neck, chest, and abdomen) were
performed using the automatic dose modulation software
Siemens CARE Dose4D (Siemens Medical Solutions,
Forchheim, Germany). All of the PMCT image recon-
structions of the chest and abdomen were performed using
the soft-tissue and lung window with soft and hard kernels,
respectively.
Assessment of the images
A picture archiving and communication system (PACS,
Sectra Workstation IDS7, Version 14.3.5.136, Sectra,
Linkoping, Sweden)was used for radiological interpretation.
The Stanford classification of the type of dissection was
applied and any signs of extravasation of blood (he-
mopericardium, hemothorax, hemoperitoneum) were also
noted.
For each case, the presence of the following findings
was assessed on PMCT: (1) aortic calcification; (2) dislo-
cated intimal calcification, defined as an eccentric calcified
flap that is displaced medially [30] (Fig. 1); (3) the pres-
ence of an intimomedial flap between the true and false
lumen, when blood enters and separates the aortic medial
layer [2] (Fig. 2); and (4) the presence of a double
sedimentation sign, defined as either two distinct levels of
sedimentation (within both the true and false lumen) or as
single sedimentation line within either the true or the false
lumen (i.e. the sedimentation is interrupted by the inti-
momedial flap) (Fig. 2).
Two readers (a radiologist and a forensic pathologist, each
with 5 years of experience in postmortem imaging) evaluated
the PMCT images. Findings (2) and (3) were initially read
separately by each reader. They were then subsequently read
in consensus. One reader (the forensic pathologist) repeated
the image reading to assess the intra-reader reliability. Find-
ings (1) and (4) were only read in consensus.
Statistical analysis
Dedicated statistical software was used (SPSS 20.0, IBM,
Armonk, NY, USA) for analysis. The continuous variables
were expressed as the means ± standard deviations and the
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medians. The categorical variables are provided as fre-
quencies and percentages. Kappa Cohen’s test was used to
assess the inter- and intra-reader agreement. The Chi square
testwas used to assess the statistical significance.Apvalue of
\0.05 was considered to be statistically significant.
Descriptive information regarding the study sample was
retrieved from the scanning database.
Results
In this retrospective study, 33 aortic dissection cases were
evaluated.
Using the general characteristics of the cases, 29 were
classified as Stanford type A cases. In 18/33 cases, a
hemopericardium was noted (in two of these cases, a he-
mothorax was also present; one case exhibited a hemo-
mediastinum), in 4/33 cases, a hemothorax was present
(one also had a hemomediastinum and one had a
retroperitoneal hemorrhage), and in another 1/33, a
retroperitoneal hemorrhage was observed. In 10/33 cases,
no sign of hemorrhage or ruptured dissection could be
recognized.
Aortic intimal calcification was present in 20/33 (61 %)
cases.
Of the 20 cases with aortic calcification, the displaced
calcification sign could be identified in 17 (85 %) cases by
both readers in consensus [finding (2)]. The overall pres-
ence of the sign was 52 % (17 out of 33 cases). The intra-
rater agreement was extremely high (Kappa 0.936,
p\ 0.0005), and the inter-rater agreement was substantial
(Kappa 0.639, p\ 0.0005). The chi quadrat test confirmed
the statistical significance (p\ 0.0005).
An intimomedial flap [finding (3)] was present in 24/33
(73 %) cases. Of these 24 cases, 7 occurred in the absence
of intimal calcification (7 out of 13 cases without calcifi-
cation, 54 %). The remaining 17 are the same cases as
those listed above, which also featured displaced intimal
calcification. The intra-rater agreement was substantial
(Kappa 0.727, p\ 0.0005), and the inter-rater agreement
was fair (Kappa 0.333, p = 0.01).
Finding (4), the presence of double sedimentation
(Fig. 2), was present in 16 out of the 33 (48 %) cases. This
finding was only read in consensus. There was one case
that lacked an identifiable intimomedial flap or dislocated
calcification, which exhibited abnormal sedimentation.
The radiological consensus read-out of the described
findings has been comprehensively illustrated in a flow-
chart (Fig. 3).
Fig. 1 Axial PMCT image of an aortic dissection case. The arrow
indicates the dislocated calcified intima towards the aortic lumen.
Note the concomitant hemopericardium
Fig. 2 Axial PMCT images of two distinct Stanford type A
dissection cases. An intimomedial flap is recognizable in both cases,
separating the true lumen from the false lumen. The double
sedimentation sign can be identified in both cases as well. a The
arrows indicate the different levels of sedimentation in the false and
true lumen of the dissected aorta. Note the sedimented pleural
effusion (hemothorax) of the left pleural cavity, the hemorrhage
around the descending aorta, as well as the dislocated rib fracture on
the left. b The true lumen (asterisk) presents no sedimentation,
whereas the blood in the false lumen sediments (arrow)
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Discussion
This study evaluated postmortem imaging findings using
unenhanced PMCT examinations of aortic dissection cases.
The radiologic signs of an aortic dissection were present in
25 out of the 33 cases (approximately 76 %) that were
investigated.
Dislocated calcification is strongly indicative of aortic
dissection. This finding concurs with the literature in several
clinical cases [6, 10]. However, dislocated calcification is a
prerequisite to calcification of the aorta. It is interesting to note
that among the 20 cases with aortic calcification, 17 exhibited
this sign. Furthermore, this was shown to be statistically sig-
nificant. In other words, if there was aortic calcification in a
case with an aortic dissection, it was statistically more likely
that you would also find displaced calcification.
The intimomedial flap was present in all of the cases with
dislocated intima calcification, but it was also identified in
cases without any aortic calcifications. The hyperattenuating
aortic wall, which is a very common finding on PMCT due
to the position-dependent sedimentation of the corpuscular
blood cells (Shiotani et al. [23] described a 100 % presence
of this sign in their PMCT cases) may play a role in allowing
visual identification. This is a possible explanation for why,
in clinical radiology, an intimomedial flap is primarily de-
scribed on contrast-enhanced CT images. According to
Shiotani et al. [23], only 2 % of the antemortem CT scans
they examined had a hyperattenuating aortic wall. There are
references of cases with a visible intimomedial flap in
unenhanced antemortem, clinical CTs [31], however these
patients were anemic [31].
The double sedimentation sign was found to co-exist
with the abovementioned signs, and in the present study
sample, there was one case where double sedimentation in
the true and false lumen was identified in the absence of
dislocated calcification or an intimomedial flap.
Postmortem sedimentation of the corpuscular blood
particles is a well described phenomenon [24, 32]. The true
Fig. 3 Flowchart showing the prevalence of the described aortic
dissection signs in PMCT images. A total of 85 % (17/20) of the cases
with aortic calcification exhibited dislocated calcification; whereas
in approximately 54 % (7/13) of the non-calcified aortas, the
intimomedial flap could be recognized. The double sedimentation
sign was found in 48 % (16/33) of the cases. Overall, in approximate-
ly 76 % (25/33) of the cases, the described signs could be confirmed
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and false lumens of a dissected aorta form distinct spaces.
The blood collects independently in each of them, leading
to double (or more in cases of triple-lumen aorta)
sedimentation.
The readers of the present study encountered a possible
pitfall during the image interpretation of hemopericardium
cases that must be mentioned. Investigators who use PMCT
should be careful to not erroneously interpret the presence
of extravasated blood in the pericardial sac as double
sedimentation. Normally, a thin layer of epicardial fatty
tissue exists between the aortic wall and the pericardial
fluid, which allows for differentiation and exclusion of
dissection, at least at that level (Fig. 4).
Another pitfall regarding the double sedimentation sign
was noted in cases of normal sedimentation around a
postmortem clot. A proper differentiation can be difficult to
make; therefore, a double sedimentation sign should not be
assumed to be present in the absence of a flap or dislocated
calcification.
According to the literature, aortic dissections are found
equally in the ascending and descending aorta [9], or they
may be slightly in favor of type A dissections (60 %, [10]).
However, in our study population, there were only 4 cases
of type B dissection (4/33, 12 % of the cases). A possible
explanation for this is that type A is more often associated
with fatal complications and is therefore considered a
surgical emergency, whereas uncomplicated type B dis-
section is usually treated medically [4–7]. Partial throm-
bosis of the false lumen in type B aortic dissection cases is
considered a strong independent predictor of mortality
[33]. This inevitably explains why more Stanford type A
dissection fatalities occur suddenly and are subject to
forensic investigations, as they are considered to be un-
expected deaths [34].
In approximately 24 % (8/33) of the examined cases no
signs of aortic dissection (dislocated calcification, intimo-
medial flap or double sedimentation) could be identified.
This result is likely attributed to normal postmortem al-
terations in the vessel system. Collapse of the vessels is a
normal postmortem finding [35] that is often observed in
PMCT images, hampering the correct diagnosis of the
aortic pathology. Decomposition also impedes the identi-
fication of aortic dissection signs, as the intra- and ex-
travasal formation of gas prevents a definitive diagnosis.
The total number of cases included in the present study
(n = 33) has to be mentioned as a further limitation. The
power of the study would undoubtedly grow with a larger
study population.
The absence of a control group in this study may also be
considered as another limitation, however, it was purposely
not included. The aim of the study was to describe the
characteristic findings of aortic dissections in unenhanced
PMCT images and to investigate how often these signs are
encountered in such cases. It was not within the scope of
this study to validate these findings as diagnostic criteria of
aortic dissections.
Conclusion
The findings described in this study are commonly en-
countered in PMCT images of aortic dissection cases. In
the 33 described cases, 25 exhibited one or more of the
signs of this condition.
Key Points
1. 85 % of the aortic dissection cases with aortic calci-
fication presented the dislocated calcification sign;
overall it was present in 52 % of the cases.
2. An intimomedial flap could be recognized in 73 % of
the cases.
3. The double sedimentation sign, defined as either two
distinct levels of sedimentation or as single sedimen-
tation line within either the true or the false lumen, was
present in 48 % of the cases.
4. In total, aortic dissection findings on unenhanced
PMCT could be confirmed in 25 out of 33 (76 %)
autopsy confirmed aortic dissection cases.
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